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Geology

Ductile Extension in a Late Cretaceous Fold and Thrust Belt,
Granite County, West-Central Montana (42 pp.)
Director; James Sears , Ph.D.

Two major faults in the Flint Creek Range of western Montana resulted from ductile extension during
the development of the Late Cretaceous fold and thrust belt. The geometry and shear sense of the
structure, determined by detailed mapping, limited drilling and examination of microscopic fabrics in
rocks adjacent to the fault, show top to the east relative sense of shear and bring Paleozoic and
Mesozoic rocks down to the east against rocks of the Proterozoic Belt Supergroup. The faults, herein
called the Hidden Lake fault and the Eastern fault, are locally mylonitic, dip east and developed between
78 and 64 mya at a depth between 1 and 3 km. The ductile shear zones probably developed in response
to a build-up of tectonic head in the Flint Creek Range resulting from intrusion of the Flint Creek
plutons and emplacement of the Sapphire tectonic block. This interpretation confirms the structural
geometry first mapped in the area by Emmons and Calkins (1913).
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CHAPTER I
INTRODUCTION

The purpose of this study is to:

(1) determine the

geometry and extent of the main faults in the Cable Mountain
area just east of the Sapphire tectonic block; (2) determine
the relative sense of motion on these structures; (3) define
the P-T conditions during fault formation; and (4) unravel
the kinematics of structural development and igneous
intrusion in the area.
The Cable Mountain area lies in the Flint Creek Range
of western Montana, at the eastern-most exposure of the
Sapphire tectonic block where the Proterozoic Belt
Supergroup is structurally juxtaposed against Paleozoic
sedimentary rocks (Figure 1).

The block covers about 2000

square km and is bounded on the west by the Bitterroot
mylonite zone, on the north and east by crustal-scale thrust
faults (Sears, 1988) and on the south by the AnacondaPintlar intrusive complex.

The Sapphire tectonic block is

composed predominantly of Proterozoic Belt Supergroup and
Late Cretaceous plutons.

Hyndman and others (1988)

interpret it as an upper crustal block detached from the
roof of the Bitterroot lobe of the Idaho batholith.

Hyndman
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Figure 1. Major geologic subdivisions of
western Montana (modified from Hyndman
et al., 1988)
C ] Cenozoic basin fill
Eocene granite
Late K granitoid rocks
[;<*.] Mz " Mesozoic undivided
[%] Pz - Paleozoic
r--;] pcbu-Upper Proterozoic Belt Supergroup
[::] pebl-Lower Proterozoic Belt Supergroup
pcwx-Precambrian basement
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(1980) estimates the block to have undergone at least 70 km
of displacement to the east during the Late Cretaceous.

Previous Work
Previous workers have put forth several interpretations
to explain the structural complexity of the Flint Creek
Range.

The area is steep and heavily forested with poor

access and discontinuous exposures.
include:

Interpretations

flat, east and west dipping thrusts (Wallace et

al., 1986), tight folds with east and west vergence (Gwinn
and Mutch, 1960) and steep normal faults (Emmons and
Calkins, 1913).

Emmons and Calkins (1913) first described

the geology of the Philipsburg 15 minute quadrangle and
their work remains the most comprehensive.

They interpret

the Philipsburg and Georgetown faults to be major
overthrusts possibly related to the Lewis thrust to the
north.

East of the major thrusts they mapped several large

normal faults which bring Paleozoic rocks into contact with
the Belt Supergroup.

Poulter (1956) mapped some of the

major structural features of the area in greater detail and
his interpretations generally agree with Emmons and Calkins
(1913).

Csejtey (1963) interpreted some of Emmons and

Calkins (1913) west-directed thrust faults in the southeast
Flint Creek Range as folded, younger over older eastdirected thrust faults.
Hyndman (1980) described the Flint Creek Range as an
area "bulldozed" in front of the Sapphire tectonic block

9

which moved eastward during the unloading of the Bitterroot
dome.

He also postulated that many of the intrusions

exposed in the Flint Creek Range intruded along the thrusts
that developed during the movement of the Sapphire
allochthon (Hyndman and others, 1982).
Ruppel and others (1981) divided the Flint Creek Range
into several subplates based primarily on the different
stratigraphie packages in each thrust plate.

My study area

covers part of their Rock Creek and Flint Creek subplates.
The USGS Butte 1 by 2 degree geologic quadrangle (Wallace et
al., 1986) interpretation of the cable Mountain area differs
significantly from previous work.

It shows the main faults

in the Cable Mountain area to be major, gently folded
thrusts, and the Belt Supergroup rocks on Cable Mountain as
a large klippe, part of their Flint Creek subplate (Figure
2).

This interpretation is a significant change from

earlier interpretations of the area (Emmons and Calkins,
1913) and is controversial from a stratigraphie standpoint
(D. Winston, pers. comm.).

Work from this study indicates

that the original interpretations of Emmons and Calkins
(1913) are more likely correct.

10
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Figure 2. Generalized geology of the Cable Mountain
Area modified from Wallace, et al. (1986)
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Methods
I mapped and examined the mesoscopic and microscopic
fabrics of the rocks adjacent to the faults to determine the
relative sense of motion and P-T conditions of fault
formation.

I field checked existing geologic maps and

examined drill cuttings to gain additional information about
the geometry and extent of the main structures.

These data

constrain the kinematics of structural development and
igneous intrusion of the central Flint Creek Range.

Regional Geologic Setting
Stratigraphie units from the Proterozoic Wallace
Formation to the Cretaceous Colorado Group crop out in the
Flint Creek Range (Figure 3).

The Belt Supergroup

predominates in the western part of the range, where it is
cut by numerous west dipping thrust faults, including the
Philipsburg and Georgetown thrusts (Figure 1).

Mesozoic

rocks are widespread in the northern part of the range and
are complexly folded and thrusted (Mutch, 1960).

The

central and southern parts of the Flint Creek Range are
underlain primarily by Paleozoic carbonates and by various
intrusive bodies ranging in composition from granite to
diorite.

This map pattern suggests a large structural

culmination plunging north towards the Clark Fork "sag”
(Figure 1)•

12
Figure 3. Generalized pre-Cenozoic stratigraphie column
for the Flint Creek Range, Montana (modified from Wallace,
1986; Emmons and Calkins, 1913; Kruger, 1988).

Cretaceous

Montana
Group

Golden Spike Fm - 2100m

Colorado

Carter Creek Fm 3000m

Group

Jens Fm 1000m
Coberly Fm 300m
Blackleaf Fm 1020-1200m
Kootenai Fm 425-500m

Jurassic

Ellis Group 60-180m

Permian

Phosphoria Fm 12-60m

Pennsyl
vanian

Quadrant Fm 35-12Cm

Mississ-

Ansden Fm 75-lOOm

ippia

Madison Group 520-75Cm

Devonian

Jefferson Fm 170-500m
Maywood Fm 60-110m
Red Lion Fm 50-100m

Cambrian

Hasmark Fm 160-550m
Silver Hill Fm 260m
Flathead Quartzite 0-2Om
Protero

Missoula

Bonner Quartzite 302-400m '

zoic y

Group

Mount Shields Fm III
Mount Shields Fm member-II
Shepard Fm 0-300m
Snowslip Fm - 1200m
Wallace Fm « 3000 m
thickness unknown

Total

13

The main intrusive bodies occurring in the central part
of the range are the Philipsburg batholith, which includes
the Bimetallic stock and the Dora Thorn pluton, the Mount
Powell batholith, the Royal stock, the Racetrack pluton, and
the Cable stock.

These plutons are all Late Cretaceous in

age (Wallace et al., 1986).

Radiogenic and fission-track

dates for the Flint Creek plutons are shown in Table 1.
Holser (1950) studied contact metamorphism and
mineralization associated with the Philipsburg batholith.
Stuart (1966) studied metamorphism in the central part of
the range and concluded the area was dominated by a low
pressure, regional, Abukuma-type metamorphism (c.f.:
Miyashiro, 1973) which predates contact metamorphism
associated with the Royal Stock.

Stuart's (1966) study area

is dominated by cordierite schist, andalusite schist,
biotite schist, phyllite, and marble.

Amphibolite grade

regional metamorphic schists and gneisses occur in the
Anaconda-Pintlar Range to the south and have been described
by several workers (Heise, 1983; Flood, 1974; Wiswall,
1976).

These workers have documented a number of large

west-verging structures and three stages of deformation in
metamorphosed Belt Supergroup, rocks adjacent to the
Anaconda-Pintlar intrusive complex.
The regional geology of the Cable Mountain area is
taken from Emmons and Calkins (1913) (Figure 4).

The main

structural features of the area are the Georgetown thrust.

14

Tmbl# 1
RADIOGENIC DATING OF THE FLINT CREEK PLUTONS

Intrusive

Method

Dora Thorn

K-Ar

hbld

72.0*2.5

Hyndman et al.,1982

K-Ar

biot

73.4*2.1

Hyndman et al.,1982

K-Ar

hbld

76.7*2.5

Hyndman et al.,1982

K-Ar

biot

74.0*2.1

Hyndman et al.,1982

Philipsburg Fission apatite
Track

64.8
65.9
68.2

Baty, 1976

Mt.Powell

Bimetallic

Date(mybp) Reference

K-Ar

biot

63.9

Wallace et al.,1986

K-Ar

muse

62.8

Wallace et al.,1986

range
60.170.8
avg.66.4

Baty, 1976

66.6

Wallace et al.,1986

range
50.769.7
avg. 62.1

Baty, 1976

Fission apatite
Track

Royal

K-Ar

biot

Fission apatite
Track
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Eimoms and Galkina, 1913).
Peb-Proterozoic Belt Supergroup
Pz-Paleozoic
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Kgdp-Dora Thom granodiorite
Kbmp-Mount Powell betholith granite
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Cable Mountain anticline, the Hidden Lake fault, and the
Eastern Fault.

Four major intrusives are shown: the

Philipsburg batholith, including the Dora T h o m pluton and
the Bimetallic stock, in the northwest part of the area, the
Mount Powell batholith in the northeast, the Royal stock in
the extreme north and the Cable stock in the south-central
part of the area.
The Georgetown thrust is generally used to define the
eastern edge of the Sapphire tectonic block (Hyndman and
others, 1988).

It places Proterozoic Wallace Formation and

Missoula Group over Paleozoic carbonates.

The thrust has

been mapped as a gently folded thrust south into the
Anaconda-Pintlar Range by Poulter (1957) and Lidke (1985).
The Georgetown thrust may be equivalent to the leading edge
of the Grasshopper plate in the Pioneer Mountains (Ruppel et
al., 1981).
The Cable Mountain anticline, mapped by Emmons and
Calkins (1913), is a large southwest plunging fold, cored by
Belt Supergroup just east of the Georgetown thrust.

The

fold broadens to the south and can be traced into the
Anaconda-Pintlar Range.

The west limb of the anticline is

overturned to the north and the east limb is cut by the
Hidden Lake fault.
The Hidden Lake fault (HLF), as named here, strikes
northeast and dips moderately east to vertical.

It is a

major bounding fault placing Madison Group and younger rocks

17

on the east against Belt Supergroup rocks on the west.

The

Eastern fault, as named here, is a steep, northeast trending
fault which places Mississippian Madison Group on the west
against upper Paleozoic to Mesozoic sedimentary rocks on the
east.

CHAPTER II
DESCRIPTION OF THE STRUCTURES

Hidden Lake Fault
I mapped the Hidden Lake fault (HLF) at a scale of
1:6000 over its entire 10 km of strike.

Plate I shows the

northern portion of the map along with all sample locations.
The southern part is proprietary information of WestGold.
Limited drilling and detailed mapping indicate that the HLF
is vertical to steeply east dipping.
A strong metamorphic foliation is developed in the
Madison limestone in the hanging wall.

The foliation is

parallel to the fault and dips range from 45 degrees east to
vertical, averaging 60 degrees east.
is mylonitic.

Locally, the foliation

Variable amounts of clay gouge and crushed

rock occur in the Belt rocks in the footwall.

This zone of

brittle crushing is rarely exposed at the surface but has
been encountered in several drill holes.

The crushed zone

may be later than the mylonite although it does not cut the
mylonite, or may have developed in response to differing
rock type or temperature.

To the southwest along strike,

the HLF cuts progressively younger rocks on the east limb of
the Cable Mountain anticline.

The HLF is apparently cut by

the Cable stock in the vicinity of the Cable mine although
18
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metamorphism and skarn development resulting from the stock
make recognition of the fault difficult.

Along strike to

the northeast, the HLF cuts across the anticlinal fold hinge
and juxtaposes progressively younger rocks on the overturned
west limb of the Cable Mountain anticline against the
Madison Group.

It places Madison Group limestone against

Cambrian carbonates before it is masked by glacial till
approximately 1 km northeast of Twin Peaks.

The

relationship between the HLF and the Philipsburg batholith
was not exposed in the Indian Meadows area although the
fault may continue northward along the east edge of the
batholith into the Boulder Creek drainage (Figure 4).

The

contact between the Philipsburg batholith and the
overturned, east dipping, west limb of the Cable Mountain
anticline is concordant in the map area.

Sucrosic yellow

dolomite of the Cambrian Hasmark Formation is in contact
with the intrusion for approximately 4 km and forms the
northwest boundary of the map area.

Eastern Fault
The Eastern fault, exposed in the Twin Peaks area, is
vertical to steeply east dipping and juxtaposes phyllite and
hornfels of probable Cretaceous age against recrystallized
Madison Group limestone.

Rocks adjacent to the Eastern

fault have mylonitic S-C surfaces in thin section.

In the

field, the C-surface forms the prominent foliation which

20

strikes NlOE and dips 40 degrees east.

Cordierite

porphyroblasts occur in the rock but no lineation is
observed.

The Eastern fault, mapped but not named by Emmons

and Calkins (1913) has a strike length of over 10 km.

It

juxtaposes rocks ranging in age from Pennsylvanian Quadrant
Quartzite through Cretaceous Kootenai Formation on the east
against Mississippian and Devonian carbonates on the west.
Approximately 500 meters east of this fault the Mount Powell
batholith is exposed and forms the eastern boundary of my
map area.

CHftPTBB

m

SHEAR SENSE

Hidden Lake Fault
Madison Group limestone exposed on a dip slope adjacent
to the HLF is strongly foliated and contains "boudin-like"
features of broken black chert.

The rocks feature a

mylonitic texture in outcrop as well as in thin section.
The foliation is parallel to the HLF, approximately N25E
dipping 30-50 degrees east.

Oriented samples show top to

the east shear sense as defined by S-C surfaces and sigmastructures (Ramsay and Huber, 1987) (Figure 5).

Baetern F^Plt
Rocks of the Kootenai Formation are exposed in the
hanging-wall of the Eastern fault.

They are cordierite-

bearing phyllites which strike NlOE and dip 40 degrees east.
The foliation is defined by a shiny phyllitic surface
covered by millimeter size blebs of oblong cordierite.

The

rock shows two well defined planar surfaces and prominent
"mica-fish" (Winkler, 1974).

I interpret the shear sense to

have been top to the east as defined by the "mica-fish" and
possible S-C surfaces (Figure 6).

21
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F ig u re 5 .

Photomicrograph (A-1) showing S-C surfaces and
sigma structure, arrows indicate shear sense interpretation.

LOOKING SOUTH

F ig u re 6 .

Photomicrograph (HLF-D) showing mica fish and
inclusion filled cordierite. Arrows show inferred shear
sense.

LOOKING NORTH
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I conclude that the shear sense indicators are related
to fault formation and not to a previous folding event
because: (1) The strike and dip of the faults correspond to
the orientation of the C- surface; (2) Foliation intensity
generally increases in the hanging wall towards the
exposures of the fault; (3) There is no evidence of tight
isoclinal folding in the area capable of producing such a
pervasive fabric.

CHAPTER IV
FRESSURE-TEMPERATURE CONDITIONS

Pressure-temperature conditions during the formation of
the low pressure metamorphic rocks are constrained by the
metamorphic mineral assemblage found in sample HLF-D.

This

Lower Cretaceous Kootenai Formation phyllite contains
abundant muscovite and quartz, cordierite porphyroblasts and
a trace of staurolite.

This assemblage is found in the

finely ruled area shown on the petrogenetic grid for pelitic
rocks in Figure 7 (Philpotts, 1989)•

This grid assumes

water saturated conditions (pH20=pTotal) and that excess
quartz is available for metamorphic reactions. Reaction
boundaries may shift towards lower temperatures if pH20 is
less than p Total, especially at higher temperatures (600700C) (Hyndman, 1985, p. 530).

The stability field of

cordierite is dependent on the Fe and Mg content of the
mineral (Holdaway and Lee, 1977).

Figure 7 assumes a common

Fe/Fe+Mg ratio for politic rocks.

Determination of the

Fe/Fe+Mg ratio for sample HLF-D has not been made.

The

above factors limit the accuracy of temperature and pressure
estimates, however, if the assumptions made are correct.

24
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Figure 7.
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FIGURE 7 Petrogenetic giid for pelitic rocks in the presence of a hydrous fluid phase (Bi^o = P,o,). The minerals
involved are kyanite. andalusite, and sillimaniie (A), cordierite (Cd), chlorite (Ch). biotite (B), garnet (G), chloritoid
(Cl), and staurolite (S). In addition, all rocks contain quartz « )) and muscovite (M), or at high temperatures, quartz
and potassium feldspar (Kf). Projection into the AFM plot is from muscovite, except at high temperatures where it is
from potassium feldspar. Many of the minerals are of variable composition, but in the AFM plot they are shown with
fixed compositions for simplicity of plotting (see insert). The compositional variability causes the reactions, which are
shown as lines on the grid, to broaden in nature into zones. This increases the possibility of finding rocks containing
the reaction assemblages. (Modified from petrogenetic grids by Albee (1965), Hess ( 1969), and Kepezhinskas and
Khlestov (1977). The A ^ S iO s phase relations (A, K, Sill) are from Holdaway (I9 7 l).|
(AFTER PHILPOTTS, 1989)
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metamorphic conditions are constrained to between 460-580<>C
and between 1-3 kbars.
Andalusite-biotite phyllite (sample HLZ-D) is found in
float in the Twin Peaks area but this assemblage is stable
over a wide range of temperatures and pressures and does not
provide any further constraints on the metamorphic
conditions.

It may represent a higher grade assemblage as

shown by its possible location in the large ruled field on
the petrogenetic grid in Figure 7.

Examination of the

petrogenetic grid indicates a reaction boundary must be
located between samples HLF-D and HLZ-C, however, this
reaction could be achieved by an increase in pressure or
temperature.
Samples from the Madison Group against the HLF show
evidence of ductile deformation (S-C surfaces) but the pure
calcium carbonate composition of the of the rock prohibited
formation of any pressure-temperature sensitive minerals.

A

complete list of samples with thin section descriptions is
found in Appendix I.
Pressures of 1-3 kbars for the formation of cordieritestaurolite phyllite bracket the lithostatic pressure of the
Kootenai Formation.

Total thickness of Cretaceous and

younger rocks in the area has been estimated at 3.8 km
(Stuart, 1966).

This estimate is based on Gwinn's (1965)

measurement of 3.5 km of Colorado Group sediment in the
northern part of the range.

However, this estimate is based

27

on stratigraphie thicknesses in the Clark Fork "sag", a
Cretaceous basinal area.

Stratigraphie thickness of the

Cretaceous in the central part of the range has not been
determined, probably due to metamorphism and erosion.
However, 3 km is a more reasonable maximum estimate of
Cretaceous stratigraphie thickness in the central part of
the range, comparing the estimates of Stuart (1966) (3.8
km), Wallace (1986) and Csejtey (1963) (1.7 km).

Maximum

pressure conditions for lithostatic burial of 3 km is about
1 kbar, assuming an average density of 2.7 g/cm3 (Hyndman,
1985, p.488).

Folding near the footwall of the Sapphire

tectonic block could increase the burial pressure on the
Kootenai at the time of intrusion and metamorphism, but is
not required by the data.
Temperature estimates of 460-580*0 for the formation of
the cordierite-staurolite phyllite exceed temperatures which
would result from burial in an area of normal geothermal
gradient.

Weiss (1987) estimates the geothermal gradient in

the Drummond area to have been approximately 40*C/km during
the Cretaceous based on temperature estimates for cleavage
formation and clay mineralogy.

Pressure constraints put

these rocks at a depth of 3-10 km or 120-400*C.

Advective

transfer of heat from the nearby magmatic sources is the
probable cause of the elevated temperature reached by these
rocks (Barton and Hanson, 1989)•

CHAPTER V
KINEMATICS OF STRUCTURAL DEVELOPMENT

Several lines of evidence suggest that the development
of the HLF and the Eastern fault took place during the
intrusion of the Dora Thorn pluton of the Philipsburg
batholith.

Emmons and Calkins (1913) map indicates both

faults wrap around the eastern edge of the pluton.

This map

pattern suggests pre- or syn-intrusive structural
development for both the HLF and the Eastern fault.

A

magmatic heat source was required for formation of the
metamorphic assemblages found in rocks along the faults.
The spatial relationship between the two faults and the Dora
Thorn pluton indicates that the intrusive may have been that
heat source.

Stuart (1966) showed that low-pressure

metamorphism preceded final intrusion of the Royal stock.
In Stuart's area hornfels, resulting from the contact
effects of the Royal stock, overprinted and destroyed
foliation produced during low-pressure regional
metamorphism.

The Royal stock has a K-Ar biotite age of

66.6 mybp (Wallace et al., 1986).
In the vicinity of the Northern Cross Mine 1 km east of
Twin Peaks, a strong foliation is developed adjacent to the
28
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Eastern fault in Cretaceous phyllite.

Towards the contact

of the Mount Powell batholith, approaching peak 8838,
hornfels overprints and obliterates foliation; hornblende
hornfels predominates.

This suggests that the HLF and

Eastern fault developed prior to the contact related
hornfels adjacent to the Mount Powell batholith which has a
K-Ar biotite cooling date of 63.9 mybp (Wallace et al.,
1986).

Had the hornfels crystallized prior to deformation

it is unlikely that the highly brittle rocks would have
deformed ductilily at such low pressures.

Metamorphism

along the HLF and the Eastern fault probably occurred during
the development of the larger low pressure metamorphic belt
described by Stuart (1966).

The mineral assemblages

described by Stuart (1966) are compatible with those found
along the HLF and the Eastern fault.

However, the rocks

found along the faults are much more deformed than those to
the north.

If the HLF and Eastern faults developed

synchronous with development of the regional low pressure
metamorphic rocks then deformation along the faults probably
took place prior to cooling of the Royal stock (66.6 mybp).
Development of the HLF followed the formation of the
Cable Mountain anticline.

The HLF cuts across the hinge of

this large fold, and therefore is synchronous or younger
than the fold, which probably developed in the footwall of
the Sapphire tectonic block.

The northern part of the Cable

Mountain anticline is overturned to the west, although the
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Sapphire block moved to the east.

The opposing vergence

occurs throughout the leading edge of the Sapphire block
from Drummond (Griffin, 1989) to the Anaconda-Pintlar Range
(Flood, 1974).

Hyndman and others (1982,1988) indicate that

the Sapphire tectonic block was emplaced during the
intrusion of the Bimetallic stock, dated at 77 mybp.
Therefore, development of the HLF and the Eastern fault
preceded intrusion of the Mount Powell batholith and the
Royal stock, coincided with cooling of the Dora Thorn pluton
(73-74 mybp), and probably followed intrusion of the
Bimetallic stock (Table 2).
S-shaped inclusion trails in andalusite porphyroblasts
are found in float samples below the Eastern fault and
indicate that deformation was taking place during
temperatures and pressures suitable for andalusite
formation.

These porphyroblasts are boudinaged and the

cracks filled with chlorite (Figure 8).

This indicates that

strain outlasted the maximum metamorphic conditions in this
area.

The deformation of the cordierite porphyroblasts in

slide HLF-D suggests the same relationship (Figure 6).
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T a b l# 2
TIMING OF STRUCTURAL AND IGNEOUS EVENTS
IN THE FLINT CREEK RANGE, MONTANA

Event

Age (mybp) W

j

I

I

70

80

I

I

I

Emplacement of Sapphire
tectonic black

-I

Deposition of Golden
Spite Fm.

— ...?

Bimetallic stock

.*

Dora Thorn pluton
Development of axtenslonal
mylonltes
Royal stock
Mount Powell batholith

X ■ Age date
... " limits of precision

60

I

I

40

I
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F i g u r e 8.

Photomicrograph (HLZ-D) showing cracked
andalucite porphyroblasts filled with chlorite.

ANDALUSITE

c h l o r it e

CHAPTER VI
DISCUSSION

Thickening of the crust in the Flint Creek Range
occurred in the Late Cretaceous through emplacement of a
thick thrust package of Belt Supergroup rocks termed the
Sapphire tectonic block and intrusion of a series of
granitoid bodies.

Movement on the Sapphire block is

constrained to between 82 mybp (Sears, 1988) and 76 mybp
(Hyndman et al., 1982).

Thickening continued until

intrusion of the Dora Thorn pluton, 73-74 mybp.

At this

time sufficient tectonic head had presumably built up in the
area which, when combined with the advective heat from the
intrusion, caused strain softening and ductile deformation
in the nearby rocks.

Gravity spreading probably led to

extension in the crest of the range and the development of
the mylonites on the Hidden Lake and Eastern faults.

These

two main ductile shear zones brought younger Paleozoic and
Mesozoic rocks down to the east against Belt Supergroup and
may have contributed to the unroofing and cooling of the
Dora Thorn pluton (Figure 9).

Csejtey (1963) proposed that

many of the east dipping, east-directed faults in the
southeast part of the Flint Creek Range are remnants of
33
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GEORGETOWN THRUST
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EASTERN FAULT
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3
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APPROX. ZfVERT.

10km
__ 1
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Figure 9. Schematic cross-section of structural
development of the Flint Creek Rnage, Montana
(modified from Emaona and Calkins, 1913; Myrxkean
al., 1982).
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large east-directed folded thrust faults.

This

interpretation could apply to the HLF and Eastern faults as
well.

However, this interpretation would require a previous

folding event allowing for younger over older thrust
faulting, with the faults cutting down section in both the
hanging wall and the footwall (Csejtey, 1963).

The folding

would have to rotate the thrust fault approximately 75-110
degrees into its present position.

This scenario, although

possible, requires a far more complicated structural history
than Emmons and Calkins (1913) interpretation of the HLF and
Eastern faults as extensional faults.

I interpret both

faults to be gravity driven extensional faults which brought
Paleozoic and Mesozoic rocks on the east limb of the Cable
Mountain anticline down to the east against the Belt
Supergroup in the core of the anticline (Plate I). This
interpretation may apply to many of the east dipping,
younger over older faults east of the study area (c.f.:
Csejtey, 1963).
Gravity spreading occurs in a thickened rock package
through gravity driven extension in the upper part of the
package and concomitant compression at the toe of the thrust
wedge (Price, 1973).

The toe of this wedge may be located

beneath the Deer Lodge Valley where numerous repeated
stratigraphie sections and a mylonite zone have been
encountered in oil exploration drill holes (Mcleod, 1987).
The Golden Spike Formation, a thick sequence of Late
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Cretaceous syntectonic conglomerate ^ was eroded from the
Sapphire block to the west (Hyndman et al., 1975), and
probably represents basinal sedimentation at the toe of the
thrust wedge (Mackie, 1986).
Extension and unroofing of the Dora Thorn pluton led to
cooling of the pluton and quenching of the mylonites and
associated metamorphic rocks.

Baty (1976), in his study of

fission-track dates on apatite from the Flint Creek plutons,
suggests that the Philipsburg batholith may have cooled more
rapidly than the other plutons.

Extensional stress

outlasted heating as evidenced by chlorite-filled cracks in
boudinaged andalusite porphyroblasts.

The most recent

evidence of extension may be the brittle deformation of the
Belt Supergroup in the footwall of the HLF.

Reequilibration

of the tectonic head and movement along the mylonites
probably took place prior to hornfels crystallization
associated with the Mount Powell batholith (K-Ar biotite age
63.9 mybp) and probably prior to emplacement of the Royal
stock (K-Ar biotite age 66.6 mybp).

CHAPTER V U
CONCLUSION

The main faults just east of the Sapphire tectonic
block in the Cable Mountain area were first mapped by Emmons
and Calkins (1913) as east dipping normal faults.

East of

Cable Mountain, in the vicinity of Lost Creek and Thorton
Creek they mapped large, west-directed thrust faults.
Subsequent workers have interpreted some of the normal
faults as west dipping thrust faults (Wallace et al., 1986)
and the west-directed thrust faults as east dipping, eastdirected, younger over older, folded thrust faults (Csejtey,
1963).
I present evidence from detailed mapping, limited
drilling, and microscopic examination of fabrics associated
with the faults that suggests that two of these faults,
herein called the Hidden Lake fault and the Eastern fault,
are in fact east dipping faults with top to the east shear
sense.

These faults are interpreted as extensional faults

which probably occurred after intrusion of the Bimetallic
stock (77 mybp), before intrusion of the Mount Powell
batholith (63.9 mybp) and may have resulted in the unroofing
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of the Dora Thorn pluton, which has a cooling age of 73-74
mybp (Hyndman et al., 1982).
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APPENDIX I
THIN SECTION DESCRIPTIONS
A-1

- Madison limestone, foliated, foliation defined by
elongate calcite crystals. Prominent sigma-structures
formed by fossil fragments. Faint S-C surfaces indicate
top to the east shear sense. Looking south, oriented
section N20E, 45E looking south.

HLF-A- Madison limestone, recrystallized calcite, foliated,
broken chert nodule, abundant fossil fragments. Oriented
section N20E, 45E looking north.
HLF-B- Madison limestone, highly recrystallized, almost
marble, foliated coarse crystalline calcite. Oriented
section N20E, 50E looking north.
HLF-C- Madison limestone, highly foliated, foliation
deflects around 2cm size broken chert nodule, abundant
fossil fragments. Oriented section N22E, 50E looking
north.
HLF-D and HLF-Dl- Kootenai phyllite, mm size oblong,
inclusion riddled cordierite in fine grained quartz rich
matrix. Foliations are defined by muscovite and elongate
quartz. Trace staurolite porphyroblasts, one shows
hexagonal section. Prominent mica-fish composed of
muscovite indicate top to the east shear sense. Oriented
section NICE, 40E looking north.
HLZ-B- Kootenai conglomerate. Highly strained quartz pebble
conglomerate, stretched quartz pebbles in fine to medium
grained quartz matrix. A few thin pelitic layers contain
andalusite porphyoblasts and biotite.
HLZ-C and HLZ-D- Biotite- andalusite schist, biotite forms
foliation with randomly oriented andalusite
porphyroblasts. Some porphyroblasts show s-shaped
inclusion trails, some have been boudinaged with
chlorite filling cracks in the andalusite.
HLZ-Dl- Same sample as above cut parallel to foliation.
Biotite flakes do not define a foliation in this
direction i.e. no lineation in HLZ-D.

